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Abstract 
 High-Intensity Focused Ultrasound (HIFU) is one of minimally invasive surgical procedures. However there are 
refractions and reflections which cause the actual focal point deviates from the geometrical focal point of transducer. 
To control the focal position of HIFU, visualizing inside of the body and HIFU beam before treatment is essentially 
required. We developed a HIFU beam imaging method for our HIFU treatment system consisting with robotic system, 
HIFU transducer and electronic circuit. By using receiving beam scan with a linear imaging array probe synchronizing 
with a transmission of pulse from the HIFU transducer, HIFU beam and surrounding tissues were imaged by an 
ultrasound imaging system. This result shows that the proposed method was useful to assist the planning of HIFU 
therapy. 
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1. Introduction 
High Intensity Focused Ultrasound (HIFU) treatment 
has been proposed as one of minimally invasive 
treatment methods for diverse applications [1]. Its high 
energy acoustic beam can create an irreversible thermal 
damage at the focus of the transducer. It can be confined 
only in the focal region without inducing irreversible 
thermal damage to the surrounding medium. To suppress 
adverse effects to the normal tissue in the HIFU beam 
path, the focal gain should be maximized. Because of 
this reason, typical spot sizes of HIFU were a width of a 
few mm. These sizes were smaller than tumor sizes to be 
treated in most cases. A multiple-exposure ablation was 
employed to treat an entire treatment volume. In 
multiple-exposure with conventional HIFU system, focal 
point is moved, while motion area of the HIFU 
transducer is relatively small. In the case of the 
conventional MRI (magnetic resonance imaging) guided 
HIFU therapy system, the space for transducer motion is 
strongly restricted in the small area because the HIFU 
transducer is set inside of the bed in the MRI gantry 
[2,3]. In addition, several organs existing in the HIFU 
beam path, such as ribs for the liver treatment or 
intestinal tracts for the fibroid of uterus treatment, 
disturb the wave propagation. In these cases, the area for 
the motion of HIFU transducer is also highly restricted. 
When the position of the HIFU transducer was fixed, 
each beam path at the body surface was almost 
overlapped, while focal positions were moved in the 
multiple-exposure as shown in Fig.1.  In such a case, the 
heat accumulation at the body surface causes a potential 
risk of adverse effects. In other words, the ratio of the 
total coagulated area to the transducer area is close to 1 
when HIFU focus is scanned in a short cooling duration. 
In this case, the focal gain is small and the treated area is 
not localized in the targeted area. 
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On the other hand, if an effective acoustic window is
defined widely at the body surface, the motion of HIFU
transducer is available. In this case, the risk of heat 
accumulation is relatively small as shown in Fig. 2. In 
the case of HIFU treatment for the breast cancer, the 
wide effective acoustic window at the body surface is
available. We are developing the HIFU system for the
breast cancer using the robotic system as shown in Fig.3.  
This system can aim the target from various directions.
The HIFU beam can be moved by both an electronic and
the mechanical scan methods. The electronic scan is
suited to fast and fine motion, while the mechanical scan
is suited to slow and large motion.
Fig.1 Heat accumulation during multiple-exposure
In the actual human body, ultrasound wave
propagation is affected by many scatters and acoustic
discontinuity boundaries. As a result, the HIFU beam 
path bends and focal position shifts in many cases. A
HIFU beam imaging method for precise motion of the
HIFU transducer is essential to realize a pivot rotation 
with the robotic system. In particular, the HIFU beam 
image should be obtained in small acoustic energy dose.
We proposed a new method for HIFU beam imaging [4].
In this paper, our new concept to realize HIFU beam 
imaging method is described and the performance and 
effectiveness are discussed.
Fig.2 Heat accumulation during multiple-exposure with HIFU
transducer motion
Fig.3 HIFU transducer and robotic system
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2. Material and Method
A custom-made, 56-element circular HIFU transducer
(PZT5, 1-3 piezocomposite, Imasonic, Besançon,
France) operating at a central frequency of 2 MHz was
used. The HIFU transducer had a diameter of 100 mm
with a central hole of 40 mm in diameter and a focal
length of 100 mm. The intensity full width at half 
maximum (FWHM) of the transducer was 1.2 mm. A
custom-made 96-element linear array transducer 
(Hitachi Aloka Medical, Japan) was mounted inside the
central hole of the HIFU transducer so that the beam axis
of the two transducers overlapped. The diagnostic
transducer had a central frequency of 7.5 MHz, a long
axis width of 30 mm, a short axis width of 13 mm, and a
bandwidth of 66 %. To verify alignment and ensure that 
the ultrasound diagnostic transducer was effectively
observing the HIFU focal point, the assembly was
placed in a water tank and the both beam axis was 
measured using a needle hydrophone (0.5-mm diameter,
Type-80-0.5-4.0, Imotec, Germany).
Fig. 4. The concept of HIFU beam imaging (HBI)
  
 The transducer assembly was mounted on the robotic
arm and introduced in a water tank facing to the target 
tissues fixed in the tank. The HIFU transducer was 
excited at its central frequency by a few cycle sinosidual
pulse by an custom-made 56-
 The concept of the
proposed method, i.e. HIFU beam imaging, is shown in 
Fig.4. The imaging probe transmit ultrasound
pulse and only scans reception beam around the HIFU 
focal area synchronizing with the HIFU transmission. In
typical cases, many scatters in the HIFU focal area
reflect HIFU beam.  These echo signals are imaged by 
the reception scan with the linear probe and the
ultrasound imaging system alpha-10 (Hitachi Aloka
Medical, Japan). 
3. Results and Discussion
 The HIFU beam images are shown in Fig.5(a-d). The
imaging target in the all figures is an agar phantom. In 
Figure 5(a), the image is obtained by transmitted beam 
from the linear array probe for imaging system. On the
other hand, the images are obtained by transmitted beam 
from the HIFU transducer with fixed focus in the figure 
5(b-d). The beam intensities are different in three figures.
When intensity was sufficiently high, a signal relating to
cavitation was imaged at the HIFU focal area.
HIFU beams are clearly imaged in this condition,
however the point spread function of this imaging
condition was expanded in the lateral direction. Because
the focal distance of 100 mm for reception beam was too
long for this aperture width of imaging probe, the point 
spread function had long width and the HIFU beam 
image was blur in lateral direction. On the other hand,
long width for imaging aperture disturbs good focal
formation of HIFU beam. Some improvement to realize 
the sharp point spread function is required to more fine
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of the body and HIFU beam before treatment is
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